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Abstract 
Impairments in navigation ability diminish a person’s autonomy, mobility and quality of life. 
However, treatments for navigation impairments are scarce. In order to understand the 
underlying processes of navigation ability for improvement in brain-damaged patients, this 
study examined how virtual reality navigation training affects overall navigation ability and 
smaller components of overall navigation ability in healthy individuals. The current study 
included 86 healthy participants, who were placed in either a control group, a control group 
with psycho-education or in one of the two experimental groups. One experimental group was 
trained to use a navigation strategy whereby the perspective was observer-based (egocentric 
navigation strategy training group) whereas the other experimental group had to train for a 
navigation strategy whereby the perspective was environment-based (allocentric navigation 
strategy training group). Participants had to perform the Virtual Tübingen Task which measured 
navigation ability on pre- and post-test. Contrary to expectations, it was not proved that virtual 
reality navigation training improved overall navigation ability nor smaller components of 
overall navigation ability in healthy individuals. However, the current study demonstrated that 
the performance on a task that required the use of allocentric aspects of navigation, performed 
from an allocentric perspective, improved over time without navigation training. This finding 
revealed that improvement in the ability to use allocentric aspects of navigation was possible 
when the aspects of navigation required to use in a task were the same as the perspective from 
which the task was performed. In addition, it was found that repeated exposure to a task could 
improve the performance on the task. The findings of this research constitute a first step towards 
improvements in navigation trainings. Recommendations for future research are made with 
regard to the type, perspective and range of tasks that should be included in virtual reality 
navigation trainings.  
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Introduction 
Whether you are walking home from work, looking for the quickest way to get to the 
supermarket or remembering to turn right or left at the bakery; all activities appeals to our 
navigation ability. Navigation ability is an important cognitive function and without it one 
would be completely dependent of others or maps to know where to go. This would significantly 
diminish our autonomy, mobility and quality of life (Claessen & van der Ham, 2017; van der 
Ham, Kant, Postma, & Visser-Meily, 2013). Since navigation ability is crucial to function 
autonomously in daily life, it is important to understand the underlying processes that form it.  
Additionally, understanding the mechanisms that underlie navigation ability will provide us 
with the opportunity to improve navigation abilities in brain-damaged patients. For example, 
29% of stroke-survivors are impaired on navigation ability (van der Ham et al., 2013). Despite 
this high incidence, treatments to improve navigation ability in brain-damaged patients are 
scarce (Claessen, van der Ham, Jagersma, & Visser-Meily, 2016). Therefore, Claessen and 
colleagues (2016) have developed a virtual reality navigation training programme to improve 
navigation ability in stroke patients. Hence, this study aspires to examine how navigation 
training affects navigation ability in healthy individuals.  
 Navigation ability is the ability to have a sense of direction, location and orientation 
when moving around (Wolbers & Hegarty, 2010). Navigation ability is a very complex 
cognitive function since it relies on the integration of many cognitive functions such as 
recognition, spatial processing, memory, attention, executive function related processes and 
visual perception (Brundson, Nickels, & Coltheart, 2007; Claessen & van der Ham, 2017; 
Claessen et al., 2016; Wolbers & Hegarty, 2010). Therefore, navigation ability can be seen as a 
multisensory process (Brundson et al., 2007; Wolbers & Hegarty, 2010). Given the many 
cognitive functions involved in navigation ability, neurological damage to one of the brain 
regions involved in navigation ability can easily lead to impairments in navigation ability (van 
der Ham et al., 2013). Therefore, it is important to understand the underlying processes involved 
in navigation ability to improve navigation impairments. 
 First, it is necessary to understand how individuals navigate and what is used when 
navigating. When a person is moves , representations of the environment are constructed. There 
are two types of representations; external and internal representations (Thorndyke & Hayes-
Roth, 1982; Wolbers & Hegarty, 2010). External representations are perceptual renderings of 
an environment as for example geographical maps, whereas internal representations can be seen 
as mental represenations of the environment based on the information that comes in from 
sensory experiences (Waller, Loomis, & Haun, 2004; Wolbers & Hegarty, 2010). These internal 
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representations are stored into memory, enabling a person to use the internal representations for 
navigating to a certain location. When navigating in a familiar environment, internal 
representations can be retrieved from memory to navigate properly (Janzen, Jansen, & van 
Turennout, 2008; Maguire et al., 1998). External and internal representations contribute 
towards an accurate ability to navigate and can be seen as a fundamental base for navagitonal 
behavior (Kearns, Warren, Duchon, & Tarr, 2002; Wolbers & Hegarty, 2010). 
Next, a taxonomy of navigation ability has been put forward. Claessen and van der Ham 
(2017) suggest three categories of representation impairments and a residual category based on 
the article of Aguirre and D’Esposito (1999). The first category of representation impairments 
suggested by Claessen and van der Ham (2017) concerns landmark-based navigation 
impairments. Landmark-based navigation contains the ability to recognize specific locations 
and based on the representations of these locations, to decide where to go from there. It can be 
hard to navigate in both new and familiar environments if a person has landmark-based 
navigation impairments. The second category of representation impairments is related to 
location-based navigation. Location-based navigation allows a person to link  landmarks to each 
other and based on these representations, to know how to navigate. This enables a person to 
estimate the distance between certain locations. Persons with the inability to relate landmarks 
to each other have difficulties with providing precise route descriptions between locations, for 
example (Claessen & van der Ham, 2017). The third category of representation impairments 
involves path-based navigation impairment. This category essentially entails the ability to use 
paths for orientation to navigate. Acquiring information about paths that connect environments, 
can support navigating in new and familiar situations. 
  Landmark-based and location-based navigation representations rely on spatial and 
environmental cues (Claessen & van der Ham, 2017). Besides classifying representations into 
categories, representations can also be classified by the perspective that is taken by an 
individual. Representations of the environment can be formed in two ways; with an egocentric 
strategy and an allocentric strategy (Boccia, Nemmi, & Guariglia, 2014; Klatzky, 1998). By 
use of an egocentric strategy, a person locates objects or locations by referring to their own 
spatial position, thus using an observer-based navigation strategy (Boccia et al., 2014; Burgess, 
2006; Klatzky, 1998). An allocentric way of representating does not imply the perspective of a 
person itself and can therefore be used more flexibly.Using this strategy, persons navigate by 
relating objects or locations to each other, hence it is an environment-based navigation strategy 
(Boccia et al., 2014; Klatzky, 1998). Individuals differ in the navigation strategy they prefer to 
use in navigational behavior (Boccia, Piccardi, D'Alessandro, Nori, & Guariglia, 2017). For 
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instance, some individuals prefer using landmarks in reference to their own spatial position 
when navigating, whereas others prefer to plan routes by relating locations to each other. 
Several fMRI studies have shown different active brain areas when using egocentric or 
allocentric representations. Rosenbaum, Ziegler, Winocur, Grady and Moscovitch (2004)  
examined which brain area became active when processing landmark-based knowledge within 
a task performed from an egocentric perspective. For example, participants needed to determine 
whether a pair of landmarks was in the right order to which they passed it when they walked 
the route. Their study concluded that the parahippocampal gyrus (PHG) becomes active when 
performing these tasks. This entailes  that the PHG in the brain becomes  active when landmarks 
from an egocentric perspective are being recognized (Boccia et al., 2014; Epstein & Ward, 
2010; Latini-Corazzini et al., 2010). In the study of Latini-Corazzini and colleagues (2010) 
allocentric related tasks were performed. In these tasks, participants had to estimate the 
direction of an unseen target landmark in relation to their current location. Consequently, this 
required the use location-based knowledge. While performing this task, the hippocampal 
cortex, more specific the hippocampus, posterior cinguilate cortex and the retrosplenial cortex, 
became active. This conclusion is confirmed by the results of the fMRI studies of Boccia and 
colleagues (2014) and Rosenbaum and colleagues (2004). This outcome stresses  the activation 
of the hippocampus in particular when using location-based knowledge in tasks which are 
performed from an allocentric perspective. Given this clear distinction in brain activation, it 
becomes evident that impairments in egocentric related brain areas do not necessarily impair 
the activation of allocentric related brain areas and vice versa. Taking these considerations into 
account, brain-damaged patients with impairments to only one brain area related to navigation 
ability, are still able to navigate but only with the use of either egocentric or allocentric 
representations. This finding is of great significance for the treatment of navigation impairments 
in brain-damaged patients. For instance, the study of Bouwmeester, van de Wege, Haaxma and 
Snoek (2015) revealed that improvement  in navigation ability in a brain-damaged patient was 
possible when compensating for the damaged brain area. Thus, improvements in navigation 
ability could be reached by compensating for the damaged brain area. 
Whereas brain-damaged patients may only be impaired in one of the brain regions 
related to navigation abilities, the best way to navigate succesfully is by using  both egocentric 
and allocentric representations in such a way that the best strategy is used in a given situation. 
Therefore, the best navigators are those who can adequatly switch between egocentric and 
allocentric representations (Burgess, 2006; Wolbers & Hegarty, 2010). Van der Ham and 
colleagues (2013) found that 29% of stroke-survivors are impaired on navigation ability. In 
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order to remain autonomous and mobile improvement of navigation abilities is needed, but 
treatments are rare.  
The navigation training programme developed by Claessen and colleagues (2016) is 
designed to train navigation strategy in brain-damaged patients. The navigation training 
programme consisted of three components; psycho-education, real-life excersises and virtual 
reality excersises. It was used by six chronic stroke patients to train an alternative navigation 
strategy. The Virtual Tübingen Task was used as measure for navigation ability. This task 
measured navigation ability by examining several subtasks. These subtasks required the use of 
egocentric related aspects and allocentric related aspects of navigation, from an egocentric 
perspective and allocentric perspective. After training with the navigation training programme, 
one patient showed improvement on navigation ability and four others partly improved after 
training with the navitation training programme (Claessen et al., 2016). Furthermore, the use of  
virtual reality as tool for navigation training appeared to be appropriate as it simulates real-life 
situations and interplays with the virtual environment, which makes it a preferable tool (Brooks, 
1999; Claessen et al., 2016; Cogné et al., 2017). In addition, no unexpected distractions can 
interrupt the use of virtual reality devices and this stimulates learning during training (Kober et 
al., 2013). However, Claessen and colleagues (2016) recommend that the effect of virtual reality 
navigation training in healthy individuals needs to be recorded as it has thus far only been 
performed on brain-damaged patients. Hence, it is essential to test healthy individuals in order 
for this group to serve as a control group in a larger research in which brain-damaged patients 
are also included.  
In order to improve navigation ability in brain-damaged patients, this study examines 
how virtual reality navigation training affects navigation ability in healthy individuals. Drawing 
on the work of Claessen and colleagues (2016), this research was conducted by using a virtual 
reality navigation training, developed specifically for this study. Consequently, a clear 
framework of the effects of virtual reality navigation training on navigation ability in healthy 
individuals is provided, which is of importance for the use of it for brain-damaged persons. To 
assess how the navigation training influences navigation ability in healthy individuals, the 
research question is as follows: How does virtual reality navigation training affect overall 
navigation ability in healthy individuals? It is expected that persons with an egocentric strategy 
use will perform better on navigation ability after training for an allocentric strategy by the use 
of the virtual reality navigation training. Furthermore, it is expected that persons with an 
allocentric strategy use will perform better on navigation ability after training for an egocentric 
strategy. 
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As navigation impairments in brain-damaged patients can cause serious problems, it is 
important to study  the effects of virtual reality navigation training on navigation ability as 
precise as possible. For that reason, this research does not only address the overall navigation 
ability: smaller components that largely form navigation ability are examined as well. This is 
conducted by studying the effects of the navigation training on tasks that require the use 
egocentric or allocentric aspects of navigation, performed from an egocentric perspective and 
allocentric perspective. It is expected that the performance on these tasks improves after training 
with the respective navigation trainings. 
Methods 
Participants  
The current study was part of a larger study in which healthy participants and brain-damaged 
patients were taken into account. However, in the current study the focus was only on the 
healthy participants and only the tasks relevant to the hypotheses are being proposed here. 
Healthy participants were recruited by use of the online recruitment program of Leiden 
University and the Facebook pages for psychology students at Leiden University or through 
friends and family of fellow students. After healthy participants were recruited, they were 
divided into four groups; a control group (n = 23), a control group with psycho-education (n = 
24), an experimental group with an egocentric navigation strategy training (n = 18) and an 
experimental group with an allocentric navigation strategy training (n = 21). A total of 86 
healthy participants were included in the current study. Table 1 shows further characteristics of 
the participants. 
Healthy participants were included if they met the following criteria: (a) age between 
18-35 years old; (b) an education level of 6 or 7 from the classification of Verhage (1964); c) 
fluency of the Dutch language; (d) access to a PC or Mac computer; (e) being motivated to 
practice with a training at home, and (f) not having a psychiatric disorder or have been in 
treatment for one.  
Subsequently, the current study was conducted following the guidelines of the 
Declaration of Helsinki (WMA, 2013). In addition, the study was approved by the Ethics 
Committee of the Faculty of Social and Behavioural Sciences of Leiden University. The 
compensation for participating in this study was six euros or two credits an hour.  
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Table 1.  
Gender, average age and education level per group and the total sample. 
 Control 
group 
Control group 
with psycho-
education 
Egocentric 
strategy training 
Allocentric 
strategy training 
Total 
N  23  24  18  21  86  
Male (%) 9 (39.1) 8 (33.3) 9 (50.0) 8 (38.1) 34 (100) 
Average age (SD) 22.52 (2.6) 22.04 (3.1) 22.83 (3.1) 21.29 (2.3) 22.15 (2.8) 
Education level (SD) 6.74 (0.5) 6.54 (0.5) 6.50 (0.5) 6.57 (0.5) 6.59 (0.5) 
Notes. SD: standard deviation; Education level expressed in average score according to the 
classification of Verhage (1964).   
 
Measures  
In this study, several questionnaires and tests were performed. However, since this study was 
part of a larger study, only tests which were included in this study are mentioned here. 
 Starmaze Task 
The Starmaze Task was performed to assess the navigation strategy use of participants (Iglói, 
Zaoui, Berthoz, & Rondi-Reig, 2009). The strategy could be either egocentric or allocentric. 
The Starmaze Task consisted of a pentagonal maze with five long passages and environmental 
cues, like mountains and trees. An invisible target was located at the end of one of the five 
passages and participants had to find this invisible target. When the invisible target was reached, 
the word ‘bravo’ appeared on the screen and a new trial started. The target was always in the 
same passage and the surroundings did not change during the task and this was also 
communicated to the participants. 
The task consisted of six trials. In the first five trials, participants began the task at the 
same starting position. In the last trial, the participant was placed at a different starting position 
compared to the previous trials. In this last trial, the invisible target could be found in two 
passages. Both could only be found with either an egocentric or allocentric strategy. The 
program computed which strategy was used to find the invisible target in this last trial. 
Participants who used an egocentric strategy in this last trial were placed in the experimental 
group with an allocentric strategy training. Participants who used an allocentric strategy were 
placed in the experimental group with an egocentric training.  
 Virtual Tübingen Task 
The Virtual Tübingen Task was performed to measure navigation ability (Claessen et al., 2016; 
van Veen, Distler, Braun & Bülthoff, 1998). During this task, participants watched two short 
movies in which they walked a route through a virtual reproduction of the German city 
Tübingen (van Veen et al., 1998). One movie was from an egocentric perspective and had a 
duration of 5:39 minutes. In the movie from an egocentric perspective, the route was walked 
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and seen from the perspective of the participant. This meant that the walked route was seen 
from eye level as if the participant was walking the route. The other movie was from an 
allocentric perspective and had a duration of 3:48 minutes. The route in this movie was shown 
by an arrow which moved along the route on the map of the environment. The map of the 
environment was shown from above with a panoramic perspective. Both movies contained eight 
intersections. Participants were instructed to remember as much as possible from the walked 
route. After watching the movies, participants had to perform six subtasks which contained 
questions about the route they had walked. All subtasks were derived from the study of Claessen 
and colleagues (2016) and they are briefly described below. 
The first subtask was Route sequence. In this task, participants were asked to give the 
right order of eight turns that were taken during the route they had walked. This subtask required 
the use of egocentric aspects of navigation and measured landmark-based knowledge. 
Participants were scored by computing the percentage of correctly indicated up, left and right 
turns.  
 Next, the subtask Route continuation was performed. Participants were shown eight 
images of points they had crossed during the route. In this task participants were asked how the 
route continued at each of the eight images. This subtask required the use of egocentric aspects 
of navigation and measured landmark-based knowledge. The score on this task was computed 
by a percentage of correct answers.  
 The third subtask was Distance estimation: allocentric. Eight times a scene from the 
walked route was shown to the participants. Together with this scene, two other images of 
scenes derived from the route were presented. The participants had to decide which of those 
other two scenes was closest to the given scene. This subtask required the use of allocentric 
aspects of navigation and location-based knowledge. The score on this subtask was conducted 
from the percentage correct answers.  
 Orientation: starting position was the next subtask. Participants were eight times 
presented with a scene from the route they had walked. They were asked to point to the starting 
position of the route by using a rotational device. This subtask required the use of allocentric 
aspects of navigation and location-based knowledge. Participants were scored based on how 
they had turned the rotational device. A deviation in degrees was computed between the given 
answers and correct answers. This score was averaged over eight trials.  
 The next subtask was Orientation: ending position. This subtask was performed in the 
same way as the subtask Orientation: starting position, but now participants were asked to point 
to the ending position of the route they had walked. This subtask required the use of allocentric 
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aspects of navigation and location-based knowledge. Participants were scored in the same way 
as was done by the subtask Orientation: starting position. 
 The last subtask participants had to perform was Locations: allocentric. In this task 
participants were presented with eight scenes of the route they had walked. After being 
presented with a scene, the map of the route they had walked was shown. Participants had to 
indicate the scene on the map by clicking on the correct location. This subtask required the use 
of allocentric aspects of navigation and location-based knowledge. Participants were scored 
based on the deviation in pixels between the given answers and correct answers. 
These subtasks were selected, as they measure the use of egocentric or allocentric 
aspects of navigation and landmark- or location-based knowledge. The distinction between 
active brain areas is more assured when landmark-based knowledge is required in tasks which 
are performed from an egocentric perspective and location-based knowledge in tasks which are 
performed from an allocentric perspective (Boccia et al., 2014; Epstein & Ward, 2010; Latini-
Corazzini et al., 2010 & Rosenbaum et al., 2004). Therefore, this study used tasks that  are from 
an egocentric perspective, requiring the use of landmark-based knowledge and tasks that are 
from an allocentric perspective, requiring the use of location-based knowledge. Given the 
complexity of navigation ability and its features, these six subtasks taken together provided a 
good representation of overall navigation ability. Z-scores were computed for each subtask so 
all subtasks could be compared. To generate an overall measure for navigation ability, the z-
scores of all subtasks which were performed from an egocentric perspective and allocentric 
perspective were respectively summed up in order to create composite scores. This was 
conducted for overall navigation ability on pre- and post-test. Subsequently, these composite 
scores were operationalized overall measures for navigation ability.  
Navigation training  
Drawing on the work of Claessen and colleagues (2016), a virtual reality navigation training 
was designed specifically for this study. This virtual reality navigation training was developed 
by using Unity 5.3.4f1 (64 bit). In contrast to the study of Claessen and colleagues (2016), the 
navigation training used in the current study only consisted of virtual reality exercises with 
psycho-education whereas the navigation training programme of Claessen and colleagues 
(2016) consisted of psycho-education, real-life exercises and virtual reality exercises. The 
virtual reality navigation training used in the current study could be considered as a game, 
consisting of two versions; one version with an egocentric strategy training and one version 
with an allocentric strategy training. The aim of the game was to train a navigation strategy. 
Each training programme consisted of three subtasks which in their turn consisted of five levels. 
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In addition, each level consisted of trials. All levels consisted of three trials with the only 
exception of the first two subtasks of the allocentric training which consisted of nine trials. 
Participants started at the lowest level and finished when the highest level was reached. Within 
each subtask applied that the higher the level, the harder the subtask became. Participants could 
reach a higher level when enough coins were gained throughout the game.  
In the first subtask of the egocentric strategy training, the participant watched a movie 
in which a route was walked through a labyrinth. This movie was from an egocentric 
perspective. The participant had to remember which turn, left or right, was taken at each passed 
intersection. When the movie was finished, the participant needed to reproduce the walked 
route. Coins could be gained by taking the right turn. If a wrong turn was taken, coins ran out. 
The performance on this subtask was expressed by the amount of coins gained during the 
subtask. The more coins gained during the subtask, the better the performance. During the first 
level, a total of zero to nine coins could be gained, during the second level a total of zero to 
twelve, during the third level a total of zero to fifteen, during the fourth level a total of zero to 
eighteen and during the last level a total of zero to twenty-one coins.  
The next subtask of the egocentric training was related to orientation. In this subtask, 
participants had to walk through a long corridor to reach the end location. This was done from 
an egocentric perspective. While walking through this corridor, the participant was asked to 
point to the starting position. Coins could be gained by pointing as precisely as possible to the 
starting position. The performance of the participants was expressed by the amount of coins 
gained during the subtask: the more coins the participant obtained during the subtask, the better 
his performance. A total of zero to twenty points could be gained within each level.  
The last subtask of this training was in large extent similar to the first subtask of this 
training. The only difference between the two subtasks was that in this subtask the intersections 
were marked with murals. Participants were asked to remember which turn, left or right, was 
taken at each mural. The performance of the participants was expressed by the amount of coins 
gained during the subtask. The more coins gained during the subtask, the better the 
performance. The range of possible gained coins is the same as in the first subtask of this 
strategy training.  
Next, the subtasks of the allocentric strategy training are proposed here. In the first 
subtask, an invisible target needed to be found within a circle. In addition, three rods were 
located in this circle; a red, blue and green one. In order to find the invisible target, a map of 
the circle with the locations of the rods and target was provided in advance of each task. This 
map was from an allocentric perspective and was shown straight from above. Participants could 
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not walk around freely within the circle. At the beginning of each trial, participants possessed 
two coins. However, coins ran out with every movement made in the circle. Since the goal of 
this subtask was to retain as many coins as possible, participants had to analyse the map 
previously provided as precise as possible in order to find the invisible target. The performance 
on this subtask was expressed by the amount of retained coins. The more coins retained, the 
better the performance. For each level, a total of zero to eighteen coins could be gained. 
 The second subtask was in large extent similar to the first subtask of the allocentric 
training. However, in this subtask four objects (a wooden horse, statue, ship and pillars) were 
placed at each quarter outside the circle. A map with the positions of these objects and the 
position of the invisible target was given from an allocentric perspective in advance of the trial 
and it was shown straight from above. Each trial, the objects changed position mutually. In this 
subtask, the performance was expressed by the amount of retained coins and the more retained 
coins accompanied a better performance. A total of zero to eighteen coins could be gained 
within each level.  
The last subtask entailed a labyrinth, consisting of intersections of which some were 
labelled by a picture. During each level, a map of the labyrinth was provided and this map was 
shown straight from above. Participants could see where they were walking on the map at each 
moment during the first trial. In the second trial, participants could not see where they were 
walking anymore. During the third trial, the map of the labyrinth with the location of the 
invisible target was provided prior to the trial, but during the trial it was not visible anymore. 
Furthermore, the labyrinth consisted of forbidden intersections. When a forbidden intersection 
was passed, two coins were reduced. Each time a normal intersection was passed, one coin was 
reduced. The performance on this subtask was expressed by the amount of retained coins. The 
more retained coins, the better the performance. A total of zero to nine coins could be gained 
within each level.  
Only the participants in the experimental groups had to train with the navigation 
trainings and they had to do this at home. The number of trainings sessions at home was set to 
four fifteen-minutes training sessions. Participants had to reach one level higher at each subtask 
in each session. The navigation training programme kept record of the completed sessions and 
the amount of time spend with the navigation training for all participants. Only participants who 
completed the whole navigation training were included in the study. An e-mail with a reminder 
to train with the navigation training was sent to the participants to ensure that the amount of 
times training with the navigation training was equal for each participant. Each participant 
received a reminder at four random moments within the two to three weeks after the first session 
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took place. Participants had to complete one session of the navigation training each time when 
a reminder to train was received.  
Design 
This study had an experimental 2 x 4 within-/between-subjects design, including 86 healthy 
participants. The within-subjects effect was time with a score on pre- and post-test. The 
between-subjects effect was navigation strategy training. The study consisted of four groups; a 
control group, a control group with psycho-education, an experimental group with an egocentric 
navigation strategy training and an experimental group with an allocentric navigation strategy 
training. Participants were placed in the control groups based on the time of inflow. For the 
experimental groups, the performance on the Starmaze Task determined in which of the two 
experimental groups participants were placed. All participants were invited to the laboratory 
twice. The experimental group with an egocentric training had to train for using an allocentric 
strategy by training with the navigation training. This was the same for the experimental group 
with an allocentric strategy training, only they had to train for an egocentric strategy use by 
training with the navigation training.  
Procedure 
This study consisted of two parts, therefore participants were invited to the laboratory twice. 
First, participants were asked to complete two questionnaires. Subsequently, the Starmaze Task 
was performed to define the strategy use of the participant (Iglói et al., 2009). The next task 
participants had to perform was the Virtual Tübingen Task. This task was performed on an HP 
EliteBook 8770w with a resolution of 1920x1080 pixels and a screen size of 17.3 inch. The 
distance between the laptop screen and the participant was about 30 centimetres. Since the 
Virtual Tübingen Task consisted of several routes that could be walked, a scheme was drafted 
to counterbalance for these routes. This made sure participants always walked a different route 
and that all possible routes were walked the same amount of times among all participants. In 
addition, if the first movie was from an egocentric perspective during the first session, the first 
movie watched during the second session was from an allocentric perspective and vice versa. 
This ensures the reliability of the results. After the participant had watched the movie of the 
Virtual Tübingen Task, he or she was asked to perform the six subtasks. To give the participant 
some rest, a short break of five to ten minutes was held after the Virtual Tübingen Task had 
finished. After this break, four neuropsychological tests were performed to measure cognitive 
abilities that underlie navigation ability. These tests are not discussed here since they are not 
relevant for this study. When participants were in the control group, this was the end of the first 
session. Participants in the control group with psycho-education received psycho-education 
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about egocentric and allocentric navigation strategies which could be used in navigational 
behaviour at the end of the first session. This was done to examine if participants perform better 
on navigation ability in the second session by only knowing of what navigational behaviour 
consisted. Only in the experimental groups, participants were told which strategy was used 
when performing the Starmaze Task at the end of the session. In addition, they received psycho-
education about navigation ability and navigation strategies. They were told that they need to 
train the unused navigation strategy at home by using the navigation training. The second 
session was scheduled two to three weeks after the first session took place. In this session, the 
Starmaze Task and the Virtual Tübingen Task were performed again. 
Statistical analyses 
Statistical analyses were performed by using IBM SPSS-version 23. First, differences between 
the four groups on gender, average age and education level were tested. Differences in gender 
and education level were tested by means of Chi-Squared Tests whereas a difference in average 
age between the four groups was tested by an One-Way Analysis of Variance (One-Way 
ANOVA).  
The hypothesis that persons with an egocentric strategy will perform better on 
navigation ability after allocentric training and vice versa for persons with an allocentric 
strategy, was tested by means of a Mixed Analysis of Variance (Mixed ANOVA). In order to 
give a valid answer to the research question, the two control groups were also included in the 
analysis. Hence, the analysis consisted of four groups. By performing the Mixed ANOVA,  
navigation strategy training and time were independent variables and overall navigation ability 
was the dependent variable. This variable was composed by creating a composite score. This 
was done by adding up all the z-scores of the subtasks of the Virtual Tübingen Task for pre- 
and post-test.  
Next, the hypothesis that the  performance on tasks which require the use of egocentric 
or allocentric aspects of navigation from an egocentric or allocentric perspective will improve 
after training with the respective navigation trainings for the experimental groups, was tested 
by means of a Two-Way Repeated Measures Analysis of Variance (Two-Way RM-ANOVA). 
The analysis consisted of three factors (time, perspective and subtask). The scores on Route 
sequence, Route continuation, Distance estimation: allocentric, Orientation: starting position, 
Orientation: ending position and Locations: allocentric, from an egocentric and allocentric 
perspective seperatly, on pre- and post-test were dependent variabels. For all dependent 
variables, the computed z-score of each subtask was used as measure. Post-Hoc tests with 
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Bonferroni corrections were performed to evaluate each significant effect found in this anlysis. 
In all analyses, a two-tailed significance level of p <.05 was held.  
Results 
Since the current study was part of a larger study, 46 participants were already tested. An 
additional 62 healthy participants were tested in the current study. Out of the total 108 tested 
participants, 22 participants were excluded. This was done because eighteen redundant female 
participants with an egocentric strategy use were tested and since three participants did not 
show up for the second session. Additionally, one participant showed too many outliers on the 
data and was therefore excluded of the study. Data was considered an outlier if it diverged more 
than three standard deviations from the average. Taken these considerations into account, a total 
of 86 healthy participants were included in the current study (34 males, 52 females). Before 
performing the Mixed-ANOVA and Two-way RM-ANOVA, the data was also checked on 
outliers by focusing on the computed z-scores of the subtasks. In total, 1.2% of the data from 
the dataset was considered an outlier and was therefore removed from the dataset.  
First of all, differences between the four groups on gender, average age and education 
level were tested. The tests showed no significant differences in gender, average age and 
education level among the four groups, gender: X2 (3) = 1.23, p = .75, average age: F (3, 82) = 
1.19, p = .32, education level: X2 (3) = 2.98, p = .39, see Table 1.   
Overall navigation ability 
Figure 1 illustrates the performance on overall navigation ability on pre- and post-test for all 
four groups. 
Figure 1. Overall navigation ability on pre- and post-test with standard error of the mean (error bars) for 
all groups. 
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A Mixed-ANOVA was performed to compare the mean scores on overall navigation ability 
between the four groups on pre- and post-test. The main-effect of time was analyzed by 
comparing the differences in means on overall navigation ability in pre- and post-test between 
the four groups. When performing the analysis, no significant result was found for the main-
effect of time, F (1. 82) = 0.04, p = .84. Furthermore, when analyzing the differences between 
overall navigation ability among the four groups, no significant result was found, F (3, 82) = 
0.32, p = .81. The interaction-effect of time and group was not significant, F (3, 82) = 1.00, p 
= .40. Figure 1 shows the mean scores on overall navigation ability on pre-and post-test for the 
four groups. 
Components of overall navigation ability 
Table 2 provides an overview of the performances on each subtask performed from an 
egocentric and allocentric perspective on pre-and post-test for all groups.  
Table 2.  
Performance on each subtask from both perspectives on pre- and post-test for all groups.  
  Egocentric perspective Allocentric perspective 
  Pre-test Post-test Pre-test Post-test 
Group Subtask Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Control Route sequence -0.13 (1.03) -0.51 (1.16) -0.09 (0.88)  0.21 (0.97) 
n = 23 Route continuation -0.04 (1.06) -0.43 (1.00) -0.14 (1.15) -0.02 (0.86) 
 Distance estimation: allocentric -0.22 (1.14) -0.11 (1.05) -0.29 (0.76)  0.10 (1.03) 
 Orientation: starting position  0.10 (0.90)  0.10 (0.90)  0.18 (1.13)  0.01 (0.79) 
 Orientation: ending position -0.04 (0.83)  0.05 (0.99) -0.02 (1.18) -0.16 (1.10) 
 Locations: allocentric  0.17 (0.93)  0.25 (0.89)  0.30 (1.16)  0.21 (1.08) 
      
Control with 
psycho-
education 
Route sequence -0.18 (0.85) -0.02 (0.89) -0.30 (1.14) -0.16 (0.89) 
Route continuation  0.11 (0.87)  0.08 (1.12)  0.02 (0.76)  0.12 (1.01) 
Distance estimation: allocentric -0.10 (1.09) -0.15 (0.96) -0.17 (1.04) -0.40 (1.12) 
n = 24 Orientation: starting position -0.03 (1.02)  0.16 (0.94) -0.01 (0.50)  0.27 (1.57) 
 Orientation: ending position -0.05 (0.98)  0.17 (1.07) -0.02 (0.92) -0.12 (0.93) 
 Locations: allocentric  0.04 (0.98)  0.04 (1.08) -0.02 (0.96)  0.09 (1.11) 
      
Egocentric 
training 
Route sequence  0.07 (1.15)  0.36 (0.92)  0.50 (0.79) -0.11 (1.15) 
Route continuation  0.17 (1.07)  0.41 (1.09)  0.41 (0.57) -0.04 (1.01) 
n = 18 Distance estimation: allocentric  0.18 (0.81)  0.05 (1.11) -0.09 (0.86)  0.10 (0.97) 
 Orientation: starting position -0.30 (0.93) -0.38 (0.70) -0.21 (0.48) -0.31 (0.39) 
 Orientation: ending position -0.26 (0.84) -0.50 (0.78)  0.17 (0.96)  0.05 (1.01) 
 Locations: allocentric -0.23 (0.90) -0.23 (0.96) -0.23 (1.01) -0.24 (0.96) 
      
Allocentric 
training 
Route sequence  0.06 (0.96)  0.21 (0.89) -0.17 (0.99) -0.09 (1.04) 
Route continuation -0.20 (1.06) -0.16 (0.53) -0.16 (1.07) -0.21 (1.09) 
n = 21 Distance estimation: allocentric  0.03 (1.03)  0.04 (1.07)  0.37 (1.25)  0.24 (0.73) 
 Orientation: starting position  0.11 (0.80) -0.11 (0.95) -0.27 (0.44)  0.08 (0.76) 
 Orientation: ending position  0.34 (1.07)  0.14 (0.79)  0.04 (1.00)  0.14 (1.00) 
 Locations: allocentric  0.14 (1.02) -0.02 (0.94) -0.02 (0.90) -0.05 (0.86) 
Notes. The performance is expressed in mean z-score; (SD): standard deviation. 
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Subsequently, a Two-Way RM-ANOVA with the factors time, perspective and subtask was 
performed. No significant main effects were found, however, one significant interaction-effect 
was found between subtask, perspective and time, F (5, 305) = 5.11, p < .01, partial η2 = .08. 
In order to examine the significant three-way interaction, Post-Hoc tests with Bonferroni 
corrections were performed on each subtask with the factors perspective and time. Table 3 
presents an overview of the performances on the subtasks of the Virtual Tübingen Task from 
both perspectives on pre-and post-test for all participants.  
 
Table 3.  
Performance on subtasks of the Virtual Tübingen Task from both perspectives on pre- and post-test.  
 Egocentric perspective Allocentric perspective 
 Pre-test Post-test  Pre-test  Post-test 
Subtask Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Route sequence -0.14 (0.11)  0.11 (0.11) -0.05 (0.11)  0.04 (0.11) 
Route continuation -0.05 (0.11)  0.05 (0.11)  0.25 (0.71)* -0.25 (1.17)* 
Distance estimation: allocentric   0.09 (0.12) -0.09 (0.10) -0.17 (0.95)*  0.17 (1.02) * 
Orientation: starting position  0.02 (0.18) -0.34 (0.16) -0.11 (0.08) -0.10 (0.07) 
Orientation: ending position -0.14 (0.10)  0.12 (0.11)  0.03 (0.11) -0.05 (0.11) 
Locations: allocentric -0.07 (0.11)  0.09 (0.11)  0.11 (0.99) -0.10 (1.02) 
Notes. The performances are expressed in mean z-scores; (SD): standard deviation; *: The difference in 
performances on pre-and post-test is significant at p < .05 level. 
 
Route sequence 
First, a Post-Hoc test was performed for the subtask Route sequence. Within this subtask, only 
the main-effect of time was at trend level, F (1, 84) = 3.73, p = .06, partial η2 = .04. The main 
effect of perspective and the interaction between time and perspective were not significant 
(perspective: F (1, 84) = 0.90, p = .92, perspective x time: F (1, 84) = 0.46, p = .50). See Figure 
2A for the performance on this subtask from both perspectives on pre-and post-test. 
Route continuation 
For the subtask Route continuation, the main-effect of perspective was not significant, F (1, 85) 
= 0.00, p = 1.00. However, the main-effect of time was at trend level, F (1, 85) = 3.70, p = .06, 
partial η2 = .04. Moreover, the interaction between perspective and time was significant, F (1, 
85) = 10.74, p < .05, partial η2 = .11.  Performing this subtask from an allocentric perspective 
resulted in a significant effect over time reflecting a decline in performance, F (1, 85) = 12.13, 
p = .001, partial η2 = .13. In addition, the interaction-effect of pre-test and perspective was 
significant. It was found that the performance in pre-test was higher for subtasks performed 
from an allocentric perspective, F (1, 85) = 9.03, p < .05, partial η2 = .10. Although at trend 
level, the performance in post-test was higher when performing the subtask from an egocentric 
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perspective, F (1, 85) = 3.19, p = .08, partial η2 = .04. Figure 2B shows the performance on this 
subtask from both perspectives in pre-and post-test. 
Distance estimation: allocentric 
Next, the effects of time and perspective were analyzed within the subtask Distance estimation: 
allocentric. Within this subtask, the main-effects of time and perspective were not significant 
(time: F (1, 85) = 0.61, p = .44, perspective: F (1, 85) = 0.00, p = 1.00).  In contrast, the 
interaction-effect of perspective and time was significant, F (1, 85) = 7.35, p < .05, partial η2 = 
.08. When analyzing this significant interaction, performing this subtask from an allocentric 
perspective resulted in a significant effect over time reflecting that the performance on the 
subtask improved in the post-test, F (1, 85) = 6.14, p < .05, partial η2 = .07. Furthermore, the 
interaction-effects of pre- and post-test and perspective were both at trend level (pre-test x 
perspective: F (1, 85) = 3.32, p = .07, partial η2 = .04, post-test x perspective: F (1, 85) = 3.49, 
p = .07, partial η2 = .04). An egocentric perspective resulted in a higher performance in pre-test 
whereas an allocentric perspective resulted in a higher performance in post-test. Figure 2C 
shows the performance on this subtask from both perspectives on pre-and post-test.   
 To check whether the improvement in performance could be attributed to the navigation 
training, the difference scores of the performances on pre- and post-test were tested between 
the control group and the two experimental groups by Independent Sample T-tests. No 
differences were found in the extent of improvement between the control group and two 
experimental groups (control group and egocentric training: t(39) = 0.32, p = .75, control group 
and allocentric training: t(42) = 1.21, p = .23).  
Orientation: starting position 
A Post-Hoc test with Bonferroni correction was performed for the subtask Orientation: starting 
position. No significant main-effects were found for time and perspective and no interaction-
effect was found between perspective and time in this subtask (time: F (1, 66) = 2.07, p = .16, 
perspective: F (1, 66) = 0.23, p = .64, perspective x time: F (1, 66) = 2.17, p = .15). See Figure 
2D for the performance on this subtask from both perspectives on pre- and post-test.  
 Orientation: ending position 
Subsequently, a Post-Hoc test with Bonferroni correction was performed for the subtask 
Orientation: ending position. For this subtask, no significant effects were found for the main 
effects of time and perspective (time: F (1, 84) = 0.63, p = .43, perspective: F (1, 84) = 0.00, p 
= 1.00). In addition, no significant interaction-effect was found between perspective and time, 
F (1, 84) = 2.41, p = .12. See Figure 2E for the performance on this subtask from both 
perspectives on pre- and post-test. 
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Locations: allocentric 
Lastly, the main-effects and interaction effect within the subtask Locations: allocentric were 
analyzed. For the main-effects of time and perspective, no significant results were found (time: 
F (1, 82) = 0.10, p = .76, perspective: F (1, 82) = 0.00, p = .99). However, the interaction-effect 
of perspective and time was significant, F (1, 82) = 6.87, p < .05, partial η2 = .08. The 
performance on this subtask declined over time when the subtask was performed from an 
allocentric perspective, F (1, 82) = 3.05, p = .09, partial η2 = .04. Further effects were not 
significant (ps ≥ .12). Figure 2F shows the performance on this subtask from both perspectives 
on pre- and post-test. 
 
 
  
21 
 
(A) Route sequence 
Figure 2A. Performance on the subtask Route sequence from both perspectives on pre-and post-test with 
standard error of the mean (error bars).  
 
(B) Route continuation 
Figure 2B. Performance on the subtask Route continuation from both perspectives on pre-and post-test 
with standard error of the mean (error bars). 
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(C) Distance estimation: allocentric 
Figure 2C. Performance on the subtask Distance estimation: allocentric from both perspectives on pre-
and post-test with standard error of the mean (error bars).  
 
 
(D) Orientation: starting position 
Figure 2D. Performance on the subtask Orientation: starting position from both perspectives on pre-and 
post-test with standard error of the mean (error bars).  
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(E) Orientation: ending position 
Figure 2E. Performance on the subtask Orientation: ending position from both perspectives on pre-and 
post-test with standard error of the mean (error bars).  
 
 
(F) Locations: allocentric 
Figure 2F.  Performance on the subtask Locations: allocentric from both perspectives on pre-and post-
test with standard error of the mean (error bars).  
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
0
0.1
0.2
0.3
0.4
Pre-test Post-test
P
er
fo
rm
a
n
ce
 (
z-
sc
o
re
)
Egocentric perspective Allocentric perspective
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
0
0.1
0.2
0.3
0.4
Pre-test Post-test
P
er
fo
rm
a
n
ce
 (
z
-s
co
re
)
Egocentric perspective Allocentric perspective
24 
 
Discussion 
The aim of the current study was to examine how virtual reality navigation training affects 
navigation ability in healthy individuals in order to help improve treatments for navigation 
impairments. This was conducted by studying the effects of virtual reality navigation training 
on overall navigation ability and on smaller components of overall navigation ability in healthy 
individuals. 
First, the influence of virtual reality navigation training on overall navigation ability was 
examined for participants in the control group, control group with psycho-education, 
experimental group with an egocentric navigation strategy training and the experimental group 
with an allocentric navigation strategy training. It was expected that participants in the two 
experimental groups had a better overall navigation ability after training with the respective 
navigation strategy programmes. However, no improvement in overall navigation ability was 
found after training with the respective navigation strategy programmes.  
Next, the effects of virtual reality navigation training on smaller components of overall 
navigation ability were studied. It was expected that the performance on these smaller 
components improved after virtual reality navigation training, but no influence of virtual reality 
navigation training was found. However, only when not taking the navigation training into 
account, the performance on some smaller components of overall navigation ability did change 
over time when performing the tasks from an allocentric perspective.  
To start, the current study did not find that overall navigation ability improved after 
virtual reality navigation training. This was not in line with the findings of Claessen and 
colleagues (2016) who argued that one of the six chronic stroke patients improved on overall 
navigation ability and four others partly improved. A possible explanation for this discrepancy 
in results is that the design of the navigation training programme of Claessen and colleagues 
(2016) was not comparable to the navigation training used in this study. The navigation training 
programme of Claessen and colleagues (2016) consisted of psycho-education, real-life 
exercises and virtual reality exercises whereas the current study included a control-group with 
only psycho-education and experimental groups with virtual reality navigation training and 
psycho-education. Furthermore, the number of training sessions of the navigation training 
programme of Claessen and colleagues (2016) was four times an hour, whereas the number of 
training sessions of the navigation training in this study was four times fifteen minutes. 
Moreover, the six chronic stroke patients in the study of Claessen and colleagues (2016) were 
personally guided by a trainer during the navigation training programme. With regard to these 
considerations, the navigation training programme of Claessen and colleagues (2016) was more 
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intensive compared to the current study and an intensive programme facilitates the detection of 
improvements. Subsequently, the average age of the six chronic stroke patients in the study of 
Claessen and colleagues (2016) was 57 whereas the average age of the healthy individuals in 
the current study was 22.15. When reaching the age of 57, cognitive abilities that underlie 
navigation ability are in decline (Moffat & Resnick, 2002; Park & Bischof, 2013). Previous 
studies have shown that particularly the processing of allocentric navigation strategies decline 
over age (Moffat & Resnick, 2002; Yamamoto & DeGirolamo, 2012). The decline in cognitive 
abillities in combination with the impairments due to the injury of the stroke patients in the 
study of Claessen and colleagues (2016), could be a reason for finding improvements in 
navigation ability in the patients easier compared to the younger and heatlhier participants 
included in the current study. Lastly, overall navigation ability in the study of Claessen and 
colleagues (2016) was composed based on the sum score of ten subtasks of the Virtual Tübingen 
Task, whereas overall navigation ability in the current study was composed based on six 
subtasks of the Virtual Tübingen Task. Therefore, the scores of overall navigation ability may 
differed between the two studies and could not be compared.  
Next, no influence of virtual reality navigation training on the performance on smaller 
components of overall navigation ability was found. This was in contrast with the findings of 
the study of Claessen and colleagues (2016) who found that five of the six chronic stroke 
patients improved on most of the trained navigation abilities. This discrepancy in results could 
be explained by the differences in content of the navigation training, as well as differences in 
the average age of the participants. In addition, the study of Claessen and colleagues (2016) 
included more subtasks of the Virtual Tübingen Task compared to the current study which could 
have facilitated generating significant results.  
Even though the prior established expectations were not confirmed, the current study 
did find differences in the performances of all participants on the subtasks Route continuation, 
Distance estimation: allocentric and Locations: allocentric over time when performing these 
subtasks from an allocentric perspective. To start, the performance on the subtask Route 
continuation performed from an allocentric perspective declined over time. This subtask was 
performed from an allocentric perspective but required the use of egocentric aspects of 
navigation. This interference could explain why the performance declined. Additionally, it was 
found that the performance on this subtask on pre-test was higher when it was performed from 
an allocentric perspective. It is unclear why this result was found. Next, the performance on the 
subtask Distance estimation: allocentric from an allocentric perspective improved over time. It 
was expected that the performance on this subtask improved since it was performed from an 
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allocentric perspective and also required the use of allocentric aspects of navigation. Performing 
this subtask from an allocentric perspective eased the performance. This finding implies that 
improvement in performance on a task is possible if tasks requiring the use of allocentric aspects 
of navigation are likewise performed from an allocentric perspective. Since this result was only 
found in one case, further research could examine whether improvement in performances is 
indeed seen when tasks which require the use of allocentric aspects of navigation are performed 
from an allocentric perspective. Despite not finding these improvements on tasks which require 
the use of egocentric aspects of navigation performed from an egocentric perspective in the 
current study, further research could examine if improvements in egocentric tasks is seen as 
well. If this is the case, this could be taken into consideration for the development of virtual 
reality navigation trainings. If the tasks are selected so that they match in perspective and 
required aspects of navigation, improvements in navigation ability could may be easier to 
achieve. The result found within this subtask furthermore demonstrated that repeated exposure 
to a task could possibly lead to improvement in performance. It is therefore recommended that 
navigation trainings consist of repeated exposure to tasks which aim to improve navigation 
abilities. To resume, the improved performance on this subtask could not be attributed to the 
virtual reality navigation training. When performing tasks which require the use of allocentric 
aspects of navigation, the cinguilate cortex becomes active (Latini-Corazzini et al., 2010). 
Aminoff, Kveraga and Bar (2013) stated that the same brain-area is responsible for scene 
perception, creating spatial respresentations and navigation. Moreover, accroding to Boccia and 
colleagues (2014) this brain-area becomes active when processing relative recently learned 
environments. Since the Virutal Tübingen Task was used both on pre- and post-test, it could be 
that participants recognized the environment and therefore performed better on this subtask. To 
ensure that participants become better at a skill instead of only on the performance of the task 
itself due to a learning-effect, it is important to provide multiple tasks that measure one 
component of navigation ability in a navigation training. Lastly, the performance on the subtask 
Locations: allocentric from an allocentric perspective declined over time This was not in line 
with what someone would expect since this subtask was performed from an allocentric 
perspective and required the use of allocentric aspects of navigation. It yet is unclear why the 
performance on this subtask declined. As this task was the last subtask, it could be that 
participants downgraded their work to finish the task earlier.  
Importantly, contrary to other studies, the current study consisted of a control group. 
Including a control group, ensures the reliability of the conclusions of this research. In addition, 
this study examined the influence of separate components of navigation trainings instead of 
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examining the influence of a set of navigation trainings in one programme, as done in the study 
of Claessen and colleagues (2016). By examining the influence of these separate components 
of navigation trainings, more specific information about the influence of navigation training 
could be generated, thus strengthening the current study. Furthermore, no differences in gender, 
average age and education level among the four groups were found. Therefore, the findings of 
the current study could not be a consequence of demographic differences between the four 
groups.  
Besides the strengths of the current study, this research also has several limitations. The 
current study used the Starmaze Task to place participants in either the egocentric navigation 
strategy training group or the allocentric navigation strategy training group. It is questionable 
if the used six trials in this task was an appropriate amount of trials for determining a person’s 
navigation strategy use. When participants were performing the Starmaze Task, they often 
mentioned they noticed that the surroundings of the environment had changed position. Since 
those participants paid attention to the positions of environmental cues while navigating, it 
would be expected that those participants were labelled as users of an allocentric navigation 
strategy. However, it appeared that those participants used an egocentric navigation strategy. It 
could be that participants were incorrectly labelled with an egocentric strategy use, possibly 
explaining why eighteen redundant female participants with an egocentric navigation strategy 
use were tested during the study. Participants may have assumed that they started in the same 
passage since this was the case in all previous trials, even though they noticed that the 
surroundings had changed position. To prevent such habitational behavior, it is recommended 
that further research investigates broader options to determine a person’s navigation strategy 
use.  
To conclude, the current study did not find an effect of the virtual reality navigation 
training on overall navigation ability nor smaller components of overall navigation ability. Even 
though the prior established expectations were not confirmed, it was concluded that 
improvement in the ability to use allocentric aspects of navigation was possible when the task 
matched in the required aspects of navigation and the perspective from which the task was 
performed. Nonetheless, this was only the case for tasks which required the use of allocentric 
aspects of navigation performed from an allocentric perspective and this result was only found 
in one case. It should therefore be researched if improvement of the ability to use allocentric 
aspects of navigation is indeed seen when the task matches in required aspects of navigation 
and perspective. In addition, further research could examine if this improvement is likewise 
seen in egocentric tasks when they match in required aspects of navigation and perspective. 
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These findings could provide requirements for selecting tasks in virtual reality navigation 
trainings. It is furthermore recommended that virtual reality navigation trainings consist of 
repeated exposure to the tasks and that it includes multiple tasks that measure one certain 
component of navigation ability. As seen in the current study there is a wide range in 
performance on tasks which measure different aspects of overall navigation ability. This 
confirms that navigation ability does not have to be examined as one construct, but as an ability 
which is composed of multiple components. Navigation trainings should therefore provide a 
range of tasks in a structured way, which all measure smaller components of overall navigation 
ability. The findings of the current study constitute a first step towards improvement of virtual 
reality navigation trainings, but additional research is required.  
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